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The corrosion of ETP copper in natural seavvater and putrid seawater has been 
studied. The corrosion rates and the sulphide content were monitored at regular inter-
vals. In the absence of oxygen in the putrid media, the presence of sulphide favoured a 
reduction in the corrosion rate. 
The phenomenon of accelerated corrosion 
of coppernickel alloy piping of the naval 
ships reported by Niederberger et al (1976) 
generated considerable interest particularly 
with respect to materials in seawater. Recent 
studies have shown the adverse effect of 
dissolved sulphide on the corrosion of copper-
nickel alloys in seawater (Gudas & Hack, 
1979; Macdonald et al. 1979; Syrett & Mac-
donald 1979; Efird & Lee, 1979). Bates & 
Popplewell (1975) noticed sulphide induced 
corrosion of 70:30 copper-nickel alloy in 
aerated natural seawater containing 0.01 
to 0.2 g m-3 sulphide. The susceptibility 
of copper-nickel alloys to accelerated corro-
sion in seawater containing low sulphide 
concentration was investigated by Gudas & 
Hack (1979) who proposed a pitting mecha-
nism based on the electropositive potential 
shift of copper-nickel alloys after exposure 
to sulphide modified seawater. These stu-
dies have also shown the susceptibility of 
wrought 90:10 and 70:30 copper-nickel 
alloys to· sulphide induced pitting in which 
the sulphide concentrations were 0.2 and 
0.05 p.p.m. respectively. The mechanism of 
accelerated corrosion of copper-nickel alloys 
in sulphide polluted water was investigated 
in detail by several workers (Macdonald 
et al. 1978, 1979; Syrett, et al. 1979; 
Table 1. Properties of copper 
Syrett & Macdonald 1979; Syrett & Wing, 
1980). Though copper-nickel aUoys are 
extensively used for several naval applications 
involving natural or polluted seawater, 
coppet is still in use in many marine 
installations. However, there are no reports 
available on the corrosion of electrolytic 
touch pitch (ETP) copper in putrid 
seawater. In this paper, the influence of 
sulphide on corrosion of copper in stagnant 
seawater under laboratory condition is 
reported. 
Mate.rials and Methods 
The copper (ETP), used in the present 
study was obtained as roUed sheets of 2.4 x 
0.9 m. The chemical compositions of the 
copper sheets used are given in Table L 
Coupons of size 50 x 25 x L6m as per ASTM 
designation G 31-72 (ASTM standards 1974b) 
were used for the test. The panels were 
then cleaned by electrolytic method as descri-
bed in Gl-72 (ASTM standards 1974a). The 
panels were washed wen with water and 
then with methanol, dried in air and weighed. 
Four specimens were used for each test. 
The water used in an experiments was 
natural surface seawater collected off 
Cochin where the water depth was 100 m. 
Metal Nearest Sp. gravity Elements % elements 
used specification determined 
Copper CDA 110 8.92 Copper 99.95 
(ETP) Zinc 0.03 
others remainder 
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The salinity and pH of the samples were 
35.2% 0 and 8.4 respectively. 1000 ml sea-
water was taken in one litre glass beaker for 
immersion of 2 panels. The panels were kept 
in an upright position in the beaker using a 
plastic support and the test medium was 
introduced. The air column was replaced 
by nitrogen gas and the beaker was sealed 
off using aluminium foil and adhesive tape. 
The details of the media are given in Table 2. 
During the course of the tests, the corro-
sion rate of panels and the dissolved sulphide 
:in the medium were measured at intervals 
of 2, 5, 10, 15, 20 and 25 days, the dissolved 
sulphide was determined by p. phenylene-
diamine method as recommended by Strick-
land & Parson (1968). At the termination 
of each experiment, the panels were removed, 
washed well and the nature of the metal 
observed and then cleaned electrolytically. 
The rate of corrosion was determined after 
applying blank correction. 
Results and Discussion 
The rate of corrosion of ETP copper in 
putrid seawater at different intervals and 
the variations of sulphide concentration are 
given in Table 3. Nature of the surface of 
the metals after each test is also described 
in Table 3. A change in the chemistry of 
the test solutions and the physical appearance 
of the metal surface was noticed from the 
second day of exposure. The corrosion 
product on the copper specimens in the putrid 
media showed varied appearance ranging 
from bright through dull, to highly adherent 
black film, while the appearance was dull 
in the case of copper in control cells. 
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A steep rise of sulphide content was noti-
ced in animal putrified media than either 
in plant or plant and meat media. With 
putrification which sets in within 2 days, 
oxygen depletion progresses and the solu-
tion becomes devoid of any dissolved oxygen 
within about 5 days. In the absence of 
oxygen, the sulphide reducing bacteria in 
the solution act upon the organic matter. 
Richards (1965) attributed this to the deple-
tion of oxygen which is followed by denitri-
fication, sulphate reduction and finally the 
formation of sulphide. 
The corrosion rate of copper in putrid 
media is much less than that recorded for 
control panels. In the putrid media the 
rate of corrosion also increased, with the 
increase in sulphide content which also coin-
cided with the longer periods of exposure. 
In the absence of oxygen, the presence of 
hydrogen sulphide causes reducing conditions 
which favour reduced corrosion rate. Syrett 
(1977) while studying the corrosion of OFHC 
copper in water contaminated with sulphide, 
oxygen or sulphide plus oxygen has pointed 
out that copper probably suffers some attack 
by the reaction: 
2 Cu + H 2S ~ Cu2S + H 2 t 
or some equivalent reaction to which HS 
ions are the reactive species. In the putri-
fied media the results show that the corro-
sion rate of copper increased with an increase 
of sulphide content. This is probably due 
to the conversion of copper to cuprous sul-
phide under reducing conditions as per the 
reaction given above. In a study Syrett 
(1977) reported that an oxygen content of 
Table 2. Composition of putrid seawater solutions. 
Cell Metal Designation Composition 
L Copper (ETP) Control 1000 ml - seawater 
2. Copper (ETP) 5% plant 50 g - salv5.nia 
950 ml - seawater 
3. Copper (ETP) 5 ~~meat 50 g - oyster meat 
950 ml - seawater 
4. Copper (ETP) 2.5% plant 25 g - salvania 
+ 25 g - oyster meat 
2.5~~ meat 950 ml - seawater 
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about 870 p.p.b., the corrosion rate increased 
about 0.5 mpy for each 10 p.p.b. sulphide 
added to the water, at least at sulphide levels 
upto 130 p.p.b. and possibly upto 250 p.p.b. 
The present observations show that the pre-
sence of sulphide, in the absence of dissolved 
oxygen has no detrimental effect on corro-
sion while the reducing conditions favoured 
the reduced corrosive attack. Syrett (1977) 
also viewed that the presence of either sul-
phide (48 to 1940 p.p.b.) plus low oxyg3n 
(29 to 60 p.p.b.) or oxygen alone (865 to 
6950 p.p.b) leads to low corrosion rate. 
However, when both sulphide and oxygen 
are present in certain concentration ranges 
dramatic increase in the corrosion rate as a 
result of synergism has already been reported 
(Syrett, 1977). The precise role of oxygen 
in the presence of sulphide ion in putrified 
seawater media will be discussed separately. 
A farther comparison may be drawn with 
the results obtained with 90:10 and 70:30 
copper-nickel alloys in sulphide polluted de-
aerated seawater (Syrett, 1981). This study 
has shown that the presence of dissolved sul-
phide in seawater does not lead immediately 
Table 3. Results of exposure of copper ( ETP) in putrid seawater 
Cell 
1 
(Control) 
2 
(Plant+ 
seawater) 
3 
(Meat+ 
seawater) 
4 
(Meat+ 
plant+ 
seawater) 
Period of 
exposure 
days 
2 
5 
10 
15 
20 
25 
0 
2 
5 
10 
15 
20 
25 
2 
5 
10 
15 
20 
25 
0 
2 
5 
10 
15 
20 
25 
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Sulphide 
(expressed 
ass--) 
mg i- 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
25.6 
38.4 
48.0 
50.l 
65.2 
88.6 
0.0 
96.7 
140.0 
190.1 
2Ql.O 
218.0 
240.2 
0.0 
76.8 
96.0 
130.0 
140.0 
142.4 
149.0 
Corrosion 
rate µm yr-1 
0.0 
33.53 
33.37 
38.32 
35.70 
37.75 
34.61 
0.0 
0.0 
0.33 
3.8 
3.33 
2.74 
1.57 
0.0 
2.86 
2.94 
3.05 
4.17 
12.87 
12.10 
0.0 
0.82 
2.15 
2.29 
10.65 
12.25 
12.24 
Nature of panels after test (visual obser-
vation) 
Bright 
Slightly tarnished, underlying metal 
easily visible 
Tarnished, underlying metal slightly visible 
-do-
-do-
-do-
-do-
Bright 
Slightly tarnished, underlying metal 
slightly visible 
Tarnished completely 
Patches of shiny adherent black 
corrosion products 
-do-
-d o-
-do-
Bright 
Slightly tarnished, underlying metal 
slightly visible 
Tarnished completely with shiny patches 
of black film 
Adherent shiny black corrosion film 
-do-
-do-
-do-
Bright 
Slightly tarnished, underlying metal slightly 
visible 
Tarnished with black shiny patches 
Adherent black film 
-do-
-do-
-do-
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to accele1 ated corrosion, but rather the 
porous cuprous sulphide corrosion product 
formed in the polluted water interferes 
with the normal growth of the protective 
oxide film on the subsequent exposure to 
unpolluted seawater. The present study 
with ETP copper lends support to the view 
that the presence of sulphide alone does not 
cause aggressive attack of copper in seawater. 
Regression analysis was used to examine 
the functional relationship between the general 
corrosion of the alloys, the sulphide level 
and exposure duration to attain a better 
understanding of the corrosion processes 
involved. Data in Table 3 were used for the 
analysis, with corrosion rate as the measured 
dependent response variable and with sul-
phide level and reriod of exposure as the 
independent variables of interest. Logarithm 
of period of exposure was found to show 
better linear relationship with corrosion, than 
the actual exposure.Log of period of exposure 
was found to be highly correlated with sul-
phide in the media i) plant, seawater and 
metal ii) meat, seawater and metal and iii) 
meat, plant, seawater and metal, the corre-
lation coefficient being 0.8980*, 0.995** and 
0.987** respectively for the three media. 
When the influence of period of exposure 
and sulphide on corrosion was considered 
as a multiple regression, these two were not 
found to explain the variation in corrosion 
to a considerable extent. For the medium 
metal, plant and seawater, the multiple 
correlation coefficient was found to be the 
largest (R2 =0.7959), but even this value was 
not found to be significant which can be seen 
from Table 4. However, for the medium, 
Table 4. Analysis of variance 
Source D.F. S.S. M.S. F 
Regression 2 120.8344 60.4172 5.85 
(N.S.) 
Deviations 3 30.9796 10.3265 
Total 5 151.814 30.3628 
both the period of exposure (log) and sul-
phide showed some significant correlation 
(significant at 5% level) with corrosion, the 
correlation coefficient being 0.882* and 
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0.849* respectively. This, along with the 
nonsignificance of the multiple correlation 
coefficient shows that either the period of 
exposure or the sulphide content alone need 
be considered to determine the rate of corro-
sion. This shows that the significance of 
the correlation coefficient between sulphide 
and corrosion was due to the correlation 
between number of days of exposure and 
sulphide. Thus the presence of sulphide 
appears to reduce corrosion. It can be seen 
from Table 3 that the corrosion rates 
were very high for control panel (where sul-
phide was absent) when compared to those 
of other media. 
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